In August 1996, an earthquake swarm including 4 earthquakes of magnitudes greater than 5 occurred in and around the Onikobe geothermal area, northeast Japan. While earlier studies detected ground displacements by L-band JERS radar interferograms, there remained certain puzzling discrepancies between the observations and the predictions from a seismologically inferred model, and no satisfactory models have yet been proposed. Here, by identifying that a steep gradient in the radar line-ofsight changes exists in seismicity gaps to the east and west of the Torage area (just to the north of the Onikobe caldera), we propose two aseismic reverse faults, which turn out to contribute to a local topographic growth as well as explaining the preexisting discrepancies. Another significant signal is detected in a region in which no large earthquakes occurred; we account for this signal by another aseismic fault.
Introduction

1
The Onikobe area in the backbone range running through NE Japan is one 2 of the most active geothermal areas in Japan (Fig. 1) and has been expe- those earthquake mechanisms (Fig.2) ; it should also be noted that none of 13 those faults were exposed on the surface. While earthquake fault models were InSAR data as we discuss in Section 2.
20
Here we propose a new fault model that consists of not only seismic but also 21 aseismic faults and discuss its two distinct implications. First, with the aid 22 of a digital elevation model (DEM) and pre-existing geological and aftershock 23 distribution data, we demonstrate that the InSAR data cannot be explained 24 unless we introduce aseismic faults, and that the aseismic slip contributes to 25 local topographic growth. Second, we test an emerging hypothesis that aseis- to evaluate measurement errors, we averaged those three independent inter-46 ferograms (Fig. 4a) and defined the standard deviation σ for each pixel of the 47 averaged interferogram (Fig. 4d) 
where j is the number of pixel, X avr (j) and 
where j is the number of pixel, X avr (j) and X s (j) stand for the phase of the 79 averaged and the synthetic interferograms, respectively. Fig. 4e 
118
We first found plausible ranges of each fault parameter by a trial-and-error for-119 ward modeling approach, and then adopted a grid-search approach to obtain 120 the fault parameters in our model ( intriguing example of the coupling between tectonics and surface processes. The stress triggering mechanism has been successfully exploited to account earthquakes with equivalent moment magnitudes of these faults (Table 2) 211 and thus we conclude that these faults slip primarily aseismically. While F4
212
and F5 reside in seismicity gaps, we observed numerous small (M < 4.6 ) 213 earthquakes around F3 (Fig. 1) . In contrast to the aftershocks around the 214 fault F1, we confirmed that those earthquakes around F3 did not indicate 215 mainshock-aftershock sequences (Fig. 7a) 
237
To quantify the amount of aseismic slip on F3, we plotted the depth ranges of 238 the fault slip and seismicity just below and above the fault F1 (Fig.7b ) and 239 F3 (Fig.7c) , respectively. The localized and robust signal detected by InSAR 240 near F3 (Fig. 4) requires the fault slip on F3 limited to shallow depth. Figure   241 7b indicates that the fault slip on F3 is much shallower than that of seismicity 242 unlike F1 (Fig.7c) (Fig.1) .
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[31] Umino, N., Matsuzawa, T., Hori, S., Nakamura, A., Yamamoto, A., Hasegawa, cate the surface projections of the aseismic faults (F4 and F5 in Table 2 ). The 370 rectangle with white dotted line indicates the surface projection of another 371 aseismic fault (F3 in Table 2 ). Jun. 1998. Data were taken along descending path 64 and rows 235 to 236.
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To remove the topographic fringes, we used a digital elevation map with a 385 resolution of 50 m provided by the Geographical Survey Institute, Japan. 
